Background: Combination antiretroviral therapy (cART) has improved the survival of patients with HIV/AIDS but its impact remains uncertain on the changing prevalence and incidence of neurologic disorders with ensuing effects on mortality.
The incidence of AIDS and mortality among HIV-infected persons have declined since the introduction of combination antiretroviral therapy (cART). 1, 2 Nonetheless, the frequency of HIV-associated neurologic syndromes has remained a clinical challenge. Studies from North America and Europe of HIV-infected patients receiving cART report improved outcomes of major neurologic disorders including HIV-associated dementia (HAD), [3] [4] [5] [6] distal sensory polyneuropathy (DSP), 7 and CNS opportunistic infections (CNS-OI), 3, 6 while other studies showed no change in prevalence of HAD during the early cART period. 8 The prevalence of DSP appears higher in the cART era, possibly caused by exposure to neurotoxic antiretroviral therapies. 9, 10 Unlike these well-recognized complications, the incidence and prevalence of other neurologic disorders, e.g., seizure, headache, and myopathy, have not been prospectively documented in treated HIV infection. 11 Prior to widespread use of cART, immunologic and virologic markers were strong predictors of neurologic disease occurrence and survival. Low blood CD4ϩ T-cell and high plasma viral load levels were regarded as robust risk factors for HAD and DSP. 12 In the cART era, the lowest blood CD4ϩ T-cell level (CD4 nadir) is a predictor of neurologic status of patients with HIV. 13, 14 Although the survival time of patients with HAD has increased with cART, 5 recent studies indicate that the presence of HAD and CNS-OIs were associated with increased mortality rates, 15, 16 while the contribution of other neurologic disorders to survival of HIV-infected individuals is unclear. Herein, we analyzed the prevalence and incidence of major neurologic disorders in a population-based setting, which included all adult HIV-infected individuals receiving active care in Southern Alberta, Canada, over the past decade. We further examined whether the presence of major neurologic disorders represented an independent risk factor for AIDS-related death.
METHODS Study patients. The Southern Alberta Clinic (SAC) is a multidisciplinary, geographically based program for all persons with HIV/AIDS in southern Alberta (total population approximately 1.5 million), Canada. This study includes all HIV-seropositive patients registered with SAC 10 (e-Methods on the Neurology ® Web site at www.neurology.org) from January 1, 1998, to August 31, 2008, excluding patients with less than 2 clinic visits. AIDS diagnosis was based on Canadian guidelines 17 and HIV-related neurologic disorders were diagnosed using established guidelines for symptomatic disorders. 10, 18, 19 Patients were referred from within the clinic to see neurologists. All neurologic disorders were diagnosed and confirmed by 2 certified neurologists (A.H. and C.P.). Neurologic disorder prevalence was measured as the total number of disease cases in all patients during the study period and incidence was defined as the biennial number of first neurologic diagnoses in active-care patients.
Standard protocol approvals and patient consents.
Informed consent approved by the University of Calgary Ethics Committee was obtained from all patients at the outset.
Statistical analysis. Demographic variables of interest were age
at HIV diagnosis, sex, ethnic group (white, First Nations, black, or other), and HIV risk factors (homosexual/bisexual, IV drug use, or other). Clinical variables of interest included baseline and nadir levels of blood CD4ϩ and CD8ϩ T cells as well as baseline log viral load. Descriptive statistical analyses were derived from these demographic and clinical variables, as well as the prevalence and incidence of the neurologic disorders. The p values for categorical and continuous variables were calculated by 2 and nonparametric Mann-Whitney tests, respectively. Causes of death were separated into AIDS-related and non-AIDS-related using the CoDe classification (http://www.cphiv.dk/CoDe/tabid/55/Default.aspx; table e-1). Survival analyses using a Cox proportional hazards model were performed to define the relationships between neurologic diseases with related variables and survival (e-Methods). 20
RESULTS Demographic and clinical features.
Of 1,651 HIV-infected persons receiving active care at SAC during the study period, 404 patients (24.5%) were identified with at least one symptomatic neurologic disorder (table 1). The median follow-up period was 7.6 years (interquartile range [IQR] 3.7-12.6 years). There were no differences in age, gender, and other comorbidities (e.g., substance abuse, hepatitis C virus coinfection) between patients with or without neurologic disease, although more neurologic disorders were diagnosed in white patients than First Nations patients, black patients, or patients of other ethnicities (table 1). Patients with neurologic disorders were more likely to be late presenters with low CD4ϩ T-cell levels and high viral loads at baseline (table 1). Patients with neurologic disorders had higher rates of AIDSdefining illnesses, together with lower nadir CD4ϩ and CD8ϩ T-cell levels than patients without a neurologic disorder (table 1) .
Prevalence and incidence of neurologic diagnoses. At the time of neurologic diagnosis, the median duration of HIV seropositivity was 5.5 years (IQR 1.7-10.0 years). A total of 53 neurologic disorders were identified during the study period (table e-2). The most commonly diagnosed neurologic disorders were symptomatic DSP, followed by symptomatic HIV-associated neurocognitive disorder (HAND), including HAD and minor neurocognitive disorder, seizures/epilepsy, headache/migraine, mononeuropathy, CNS-OI, myopathy, and movement disorder ( figure 1A ). AIDS-defined persons (n ϭ 424) displayed a higher prevalence of neurologic disorders than persons without AIDS-defining illness (41.0% vs 19.9%, p Ͻ 0.0001). The prevalences of DSP, HAND, seizures/epilepsy, and CNS-OI in AIDS-defined persons were 2-to 3-fold higher than in the total HIV-infected group ( figure 1A) .
Almost 50% of HIV-infected patients with a neurologic disorder exhibited multiple independent neurologic diagnoses (figure 1B). The prevalence of 1 to 3 neurologic disorders was higher in AIDS-defined persons (figure 1B). Patients with 2 or more neurologic disorders had lower baseline CD4ϩ (250 cells/ mm 3 , IQR 79 -480 vs 360 cells/mm 3 , IQR 164 -588, p Ͻ 0.01) and nadir CD4ϩ (81 cells/mm 3 , IQR 20 -188 vs 130 cells/mm 3 , IQR 29 -288, p Ͻ 0.01) T-cell levels than patients with only one neurologic disorder without differences in CD8ϩ T-cell and plasma viral load levels.
The incidence of the first neurologic diagnosis in active-care patients was calculated from 1998 to 2007. The incidence decreased over the study period Prevalence and incidence of neurologic diagnoses (A) There were 8 major neurologic disorders that presented in more than 5% (Ͼ20 patients) among 404 patients with at least one neurologic diagnosis. The most prevalent neurologic disorder in HIV-infected patients (filled box) was symptomatic distal sensory polyneuropathy (DSP, 10.0%), followed by HIVassociated neurocognitive disorders (HAND, 6.2% The prevalence of DSP and HAND was higher in patients with plasma viral load greater than 10,000 copies/mL ( 2 test, *p Ͻ 0.05). In contrast to other neurologic disorders, prevalence of mononeuropathy and headache/migraine was not associated with immunologic and virologic variables. figure 1D ). However, there was no change in the incidences of mononeuropathy, seizures/epilepsy, or CNS-OIs during this study period. The occurrence of some neurologic disorders including HAD is correlated with the blood CD4ϩ T-cell levels. 4, 17 Stratification of baseline CD4ϩ T-cell levels revealed that late-presenting patients who showed severe immune suppression (CD4ϩ T-cell levels Ͻ200 cells/mm 3 ) also exhibited higher prevalence of DSP, movement disorder, seizures/ epilepsy, and CNS-OIs compared with patients showing moderate or minimal immunosuppression ( p Ͻ 0.05, figure 2A ). There was no difference in prevalence of neurologic disorders between patients with no (CD4ϩ T-cell levels Ͼ500 cells/mm 3 ) and moderate (CD4ϩ T-cell levels 200 -500 cells/mm 3 ) immunosuppression. Late-presenter patients displayed a shorter interval between HIV diagnosis and the first neurologic diagnosis compared to patients with higher baseline CD4ϩ T-cell levels (2.9 years, IQR 0.6 -6.8 years vs 7.0 years, IQR 3.0 -11.0 years, p Ͻ 0.0001). Similarly, HIV-infected patients with nadir CD4ϩ T-cell levels of Ͻ200 cells/mm 3 had a greater risk of a neurologic disorder except for mononeuropathy ( figure 2B) . In contrast, low CD8ϩ T-cell levels (Ͻ300 cells/mm 3 ) were only associated with a higher risk of CNS-OI ( p Ͻ 0.05, figure 2C ) and were not correlated with the prevalence of DSP or HAND. Patients with high plasma viral load (Ͼ10,000 copies/mL) displayed an increased prevalence of DSP and HAND ( p Ͻ 0.05, figure 2D ). Unlike other neurologic disorders, the prevalence of mononeuropathy and headache/migraine was not associated with immunologic or virologic variables (figure 2, A-D).
Cause of death and survival of patients with neurologic di-
agnoses. During 14, 134 person-years of follow-up, 171 deaths were recorded and patients with neurologic diagnoses showed an overall higher mortality rate ( p Ͻ 0.0001, table 1). The causes of death were categorized into 3 groups: AIDS-related (79 deaths), non-AIDS-related (81 deaths), and unknown cause (11 deaths) (table e-1). A univariate analysis showed that there were more AIDS-related deaths in patients with neurologic diagnoses compared with nonneurologic patients (9.7% vs 3.2%, p Ͻ 0.0001, table 1). Cox proportional hazard models revealed that a decrease in baseline CD4ϩ T cells, an increase of plasma viral load, or the presence of neurologic disorder contributed to a greater mortality rate ( p Ͻ 0.05) while none of the demographic variables (age, ethnicity, HIV risk factor, gender) influenced this population's survival (table 2 and table e-3) . After accounting for covariates, the presence of a neurologic disorder was associated with a 2-fold increased risk of death (hazard ratio [HR] 2.0, 95% confidence interval [CI] 1.2-3.2). The survival plot stratified by the presence and absence of a neurologic disorder showed lower estimated survival rates for HIV-infected persons with neurologic disorders (81.3% vs 92.0% at 20 years after HIV diagnosis, figure 3A) . A decrement of 100 cells/mm 3 in blood CD4ϩ T-cell levels at initial presentation increased mortality rate by 13.3% (HR 0.88), while each 10-fold increment in baseline plasma viral load (e.g., from 100 to 1,000 copies/mL) was associated with a 39.0% increase in mortality rate (HR 1.39, table 2).
Of 404 patients with neurologic disorders, HAND, CNS-OI, and DSP were diagnosed in 102, 47, and 165 patients. There were 20 and 10 AIDSrelated deaths in the HAND and CNS-OI groups. Similar to the presence of any neurologic disorder, the presence of HAND and CNS-OI increased the risk of mortality by approximately 3-and 5-fold (table 2 and figure 3 , B and C), after accounting for demographic, immunologic, and virologic variables in Cox proportional hazard model. In contrast, there were only 10 AIDS-related deaths in 165 patients with DSP and the mortality rate was not related to DSP (table 2) . Similar to the analysis with neurologic disorders, HR values of baseline CD4ϩ T-cell levels or viral load in HAND, CNS-OI, and DSP analyses were associated with the increased mortality (table  2) . Each 100 cell/mm 3 decrement in baseline CD8ϩ T-cell levels increased the risk of death in patients with HAND or CNS-OI (table 2) . Age, gender, ethnicity, and HIV risk factors did not influence the risk of death (table e-3) .
DISCUSSION During this 10-year study period after the introduction of cART into clinical use, neurologic disorders represented a substantial and cumulative disease burden, which influenced survival among HIV-infected patients. Although the incidence of neurologic disorders, especially DSP and HAND, decreased over time, the incidence of other common disorders, such as CNS-OI, which had a strong negative prognostic effect on mortality, remained unchanged. The low baseline and nadir levels of CD4ϩ T cells were correlated with the prevalence of more than one neurologic disorder. Patients with severe immunosuppression (CD4 Ͻ200) were more likely to develop HIV-related neurologic disorders, especially DSP, HAND, seizures, and CNS-OI. These findings imply that despite the availability of cART, baseline and nadir CD4ϩ T-cell levels remain strong predictors of neurologic disease, while CD8ϩ T cells and plasma viral load levels were less powerful predictors. Herein, CNS-OIs had the greatest negative impact on survival of patients followed by HAND and the mere presence of any neurologic disorder. However, DSP, which was the most common neurologic disorder, did not influence mortality rate in HIV-infected patients. In keeping with earlier studies, 1 both immunologic and virologic variables were independent risk factors for AIDS-related death. The current study is the first report of the prevalence and incidence of all neurologic disorders in persons with HIV/AIDS over a decade in the cART era within a population-based setting. Indeed, the overall prevalences of neuropathy and seizures in the present cohort were substantially greater than in the general Canadian population (6.3% and 0.6%). 21, 22 The occurrence of neurocognitive impairment herein was comparable to the general population who were 20 years older than the current study group. 21 However, the prevalence of DSP and HAND was lower than in the pre-cART era and consistent with published reports. 3, 4, 7 The incidences of DSP and HAND as the first neurologic disorder were lower in the latter 5 years compared to the initial 5 years of the study, possibly indicating the increased effectiveness of cART in the prevention of neurologic disorders. The DSP incidence in our study appeared lower than a previous study 7 likely because it was the inci- dence of the first neurologic disorder and there might be differing diagnostic criteria. The differences in the prevalence of neurocognitive impairment in HIV-infected individuals in different studies lie in the population selection and study design. Tozzi et al. 8 reported a 55.1% prevalence of HIV-related neurocognitive impairment in 432 patients undergoing their first neuropsychological tests in an institute which provides care to more than 3,500 HIV-infected individuals. A recent study of HAND prevalence in HIV-infected individuals with suppressed viremia by Simioni et al. 23 using questionnaire and neuropsychological tests estimated the prevalence of HAND at 69%; however, the majority of patients with HAND had asymptomatic neurocognitive impairment. In the present analysis, clinical symptoms (e.g., symptomatic neuropathy and neurocognitive impairment) were required for inclusion. Nonetheless, strict criteria were used for excluding other comorbidities which might contribute to peripheral neuropathy or neurocognitive impairment and only the principal confirmed diagnosis was reported. Patients with diabetes or on medications such as metronidazole for protracted periods were excluded from the DSP group. Similarly, patients were excluded from the HAND group if they had previous head injury, drug abuse, or were using opioid analgesics or other medications which might affect cognition. In addition, neurologic diagnoses were made after patients have been referred by SAC physicians, perhaps resulting in underreporting of less severe symptoms. These factors might contribute to the lower prevalences of DSP and HAND compared with other recruited cohorts or studies conducted in neurology clinics. 8, 9, 11, 23 Unlike DSP and HAND, the prevalence and incidence of several neurologic disorders herein remain unchanged in the cART era. The incidence of mononeuropathy was consistent during the study period, likely because immunologic and virologic variables were less robust risk factors for this disorder. The prevalence and incidence of seizures/epilepsy in this study were similar to a published report that compared the prevalence and incidence before and after the cART era. 24 In contrast to other studies, 3,25,26 a reduction of CNS-OI incidence was not observed during this 10-year study, likely because of the relatively low incidence in the present study population. Although the prevalence of headache/migraine herein was lower than previous studies in the pre-or early cART era, 27, 28 it was not associated with CD4ϩ T-cell or plasma viral load levels. The prevalence of myopathy and movement disorder was low, similar to previous reports. 11, 29 Due to limited patient numbers, the incidence of these latter disorders requires further analyses in order to understand fully the benefits of cART.
This report represents a regionally based longitudinal cohort and thus the findings reflect prevalences, incidences, and mortality rates in a broad spectrum (age, sex, ethnocultural) of HIV-infected adults. The annual mortality rates in HIV-infected persons with or without a neurologic disorder were 17.6 and 8.0 per 1,000 people, which were higher than 1.5 per 1,000 people in the general age-and sex-matched Canadian population. 30 These data imply that the presence of neurologic disorders at any time during the follow-up period is an important predictor for mortality after accounting for age, sex, ethnicity, HIV risk factor, baseline CD4ϩ, baseline CD8ϩ T cell, and baseline viral load. The estimated HRs for HAND and CNS-OI in the present studies were similar to recruited cohorts. 15, 16 This latter finding suggests that the small number of AIDS-related deaths in our patients with CNS-OI is not a limiting factor in our conclusion. Moreover, this report is the first analysis of the survival of HIV-infected patients with all neurologic disorders after accounting for demographic and clinical variables. Previous studies have reported that CD8ϩ T-cell levels contribute to neurocognitive impairment, the onset of AIDS, and survival in HIV-infected patients, [31] [32] [33] while another study indicated that the level of CD8ϩ T cells did not influence patients' survival time. 34 Survival analyses which included HAND or CNS-OI as covariates showed that the level of CD8ϩ T cells at the initial presentation was an independent risk factor for AIDS-related death, implying a substantial effect of CD8ϩ T-cell levels on HIV pathogenesis.
Nevertheless, the initial CD4ϩ and CD8ϩ T-cell levels and plasma viral load did not reflect the change in immunologic and virologic variables over time. Baseline CD4ϩ T-cell levels and HAND were time-dependent variables. Although lower baseline CD4ϩ T-cell levels are related to decreased survival rates initially, the relationship becomes less robust after 9 years of survival time. As a result, the estimated HR for baseline CD4ϩ T-cell levels underestimates the effects during the first 9 years. The relationship between HAND and survival is less evident for the first 7 years of follow-up due to the low number of deaths in this period but thereafter HAND becomes an increasingly strong predictor of mortality. Importantly, the levels of CD4ϩ T cells and viral load were recorded herein every 3 to 4 months throughout the follow-up period. Future studies of the changes in immunologic and virologic variables in relation to cART use might yield a better understanding of their specific roles in prevalence and severity of neurologic disorders as well as patient survival.
